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An investigation has been conducted i n  the Langley 16-foot transonic 
tunnel t o  determine the effect  of constant-chord trailing-edge control 
deflection on the aerodynamic loading characterist ics of a 3-percent- 
thick, 60° delta-wing-body combination. Chord length of the control 
was 15 percent of the wing mean aerodynamic chord. Pressure data were 
obtained on the wing with aileron deflected and with both aileron and 
elevator deflected simultaneously. 
deflections varied f r o m  15' t o  -15' i n  7 . 5 O  increments with angles of 
attack up t o  26'. Test Mach numbers covered the range from 0.80 t o  1.05 
and the Reynolds number w a s  approximately 10 x 10 6 based on a mean aero- 

The aileron and combined control 

* 

1 dynanic chord length of 30.23 inches. 

In general, the aileron maintained positive control over the whole 
range of the investigation. Greater control effectiveness w a s  obtained 
fo r  negative control deflection than fo r  positive deflection. 
deflection of l 5 O  maintained local  supersonic type flow over the upper 
control surface t o  Mach numbers as low as 0.94 and subsonic-type flow on 
the undersurface up t o  1.02. 

A positive 

A t  an angle of attack of 4' and a Mach nmiber of 0.94 aileron deflec- 
t ion  variation from l 5 O  t o  -l5O moved the chordwise center of pressure 
forward f r o m  the 61- t o  the 23-percent s ta t ion of the mean aerodynamic 
chord and a t  an angle of attack of 20°, from the 54- t o  the -!+?-percent 
stat ion.  Under s i K i l a r  conditions the spanwise center of pressure moved 
inboard from the 60- t o  the 42-percent semispan s ta t ion and from the 49- 
t o  the 46-percent semispan station.  

"Title, Unclassified. 
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INTRODUCTION 

h 

Because of inadequate theory for  calculating the effects  of deflected ,@ 

controls on wing aerodynamic loading i n  the transonic range, a t  present 
(see ref .  I), it i s  necessary t o  resort  t o  experimental h t a  for  airplane 
control design for  the transonic regime. 
on typical  airplane configurations i n  the transonic regime is, therefore, 
greater than fo r  subsonic and supersonic ranges where present theory is 
adequate. 
on wing-body combinations with th in  w i n g s  of unswept, swept, and t r ian-  
gular plan forms have been conducted i n  the Langley l6-foot transonic 
tunnel as indicated i n  references 1 t o  3. 

The need for  experimental data - 

Experimental investigations of various control configurations 

. *  

That part  of the investigation which deals with w i n g s  of triangular 
plan form consisted of tests t o  determine the aerodynamic characterist ics 
of a 60° delta-wing-body combination with a 3-percent-thick wing. 
longitudinal aerodynamic characterist ics have been reported i n  refer- 
ence 4, the wing loading characterist ics with undeflected controls i n  
reference 5 ,  and the wing loading characterist ics with deflected constant- 
chord controls are  presented i n  t h i s  paper. 
control w a s  15 percent of the wing mean aerodynamic chord. 
range of 0.80 t o  1.05 was covered i n  t h i s  investigation over an angle- 
of-attack range from Oo t o  26O. 

7.5' increments. 

The 

The chord length of the 
A Mach number 

Deflections of aileron and combined con- 
t r o l s  (aileron with elevator) varied from 13O t o  -1po i n  approximately 

on a mean aerodynamic chord length of 30.23 inches. 

'4 

6 based The Reynolds number was approximately 10 X 10 
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SYMBOIS 

A aspect r a t i o  

b 

C 

C '  

wing span 

local  chord 

wing mean aerodynamic chord, 
S 

- 
C average wing chord, S/b 

wing-section pitching-moment coefficient about 0 . 3 5 ~ ~  
r 
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wing-section pitching-moment coefficient about 0.35c', 

wing bending-moment coefficient about body center line, 

C Y  Y cn=-d- L:z c b/2 b/2 

wing pi-&hitEg&n&t coeff icient about 0 . 3 5 ~  I , 

wing-section normal-force coefficient, 

1.0 
wing normal-force coefficient, 

body length 

Mach nuber 

free-stream static pressure 

Plocal - P pressure coefficient, 
Q 

free-stream dynamic pressure 

body radius 

radius of wing tip 

wing area (includes area covered by body) 

distance from wing leading edge or body nose (positive 
rearward) 

3 

distance from wTng leading edge to a line perpendicular to 
plane of symmetry and passing through O.3f;ic' 
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3 section chordwise center-of-pressure position 
C 

- xCP wing chordwise center-of-pressure position, 0.35 - - Cm 

CN C ’  

Y spanwise distance measured from b w  center l ine  

wing spanwise center-of-pressure position 

a 

h taper r a t i o  

angle of attack of body center l ine  

6 angle of control deflection, in  plane normal t o  hinge l ine  
(posit ive when t r a i l i n g  edge deflected down) 

Subscripts: 

a aileron 

C combined control (aileron with elevator) 

2 wing lower surface 

U wing upper surface 

CP center of pressure 

APPARATUS AND METHODS 

Wind Tunnel and Support System 

3 

’r 

This investigation was conducted i n  the LFLngley 16-foot transonic 
tunnel which i s  a single-return atmospheric wind tunnel with an octagonal 
s lot ted test section. It has a speed range from a Mach nurdber of 0.20 
t o  about 1-10 and the Mach number is varied over t h i s  range simply by 
variation of tunnel drive power. The model was st ing supported from a 
single swept cantilever s t r u t  tha t  was  arranged so tha t  the model was 
always located near the tunnel center l ine  for  a l l  angles of attack. 

vz 
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Model 
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%{ Figure 1 shows the model with l e f t  aileron deflected 15O mounted i n  
the Langley 16-foot transonic tunnel t e s t  section. Figure 2 i s  a sketch * 

showing model detai ls  and a l i s t  of w i n g  pressure orifices.  
sure orifices were located on the top and bottom surfaces of the le f t -  
wing panel and control surfaces only. The s tee l  wing has 60° leading- 
edge sweepback, Oo trailing-edge sweep, and NACA 65AOO3 a i r f o i l  sections 
paral le l  t o  free stream. The wing was mounted in  the midwing position 
on the fuselage and was designed t o  have no geometric twist, incidence, 
o r  dihedral. The w i n g  t i p s  were sl ightly rounded; thus, differences i n  
the actual and theoretical values of aspect ratio,  area, and the wing 
mean aerodynamic chord were created. These differences are shown in  
figure 2. Actual values were used i n  data reduction. 

These pres- 

The control shown i n  figure 2 consisted of wing trailing-edge ailerons 
and elevators. 
and elevator were deflected simultaneously as a full-span trailing-edge 
combined control. 
located at  0.67b/2. 

The aileron w a s  deflected individually and the aileron 

The parting l ine between aileron and elevator was 

Tests 

Pressure data were obtained f o r  Mach numbers of 0.80, 0.90, 0.94, 
1.00, and 1.05 at  angles of attack f r o m  0' t o  26O. 
deflections of Oo, f.7.5', and k15' were obtained for  each Mach number. 
A t  Mach nubers  of 1.00 and above, the angle-of-attack range was limited 
by tunnel drive power. For th i s  investigation the Reynolds number based 
on the wing mean aerodynamic chord varied f r o m  9.5 X 106 t o  11.3 X lo6 
over the Mach number range. 

Nominal control 

The relationship between the control deflections of the right- and 
left-wing panels i s  shown i n  the following table: 
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O0 
7.5 

15 .o 
-7-5 

-15.0 

~ 

Right wing panel I (Instrumented) I (Not instrumented) 
kft wing panel 

O0 00 
0 0 
0 0 
0 0 
0 0 

[Aileron 1 Elevator I ' Elevator I Aileron 

0 
7.5 

15.0 
-7-5 

-15.0 

I Aileron alone 

0 
-7.5 

-15.0 
-7.5 

-15.0 

0 
7.5 

15.0 
-7.5 
-15.0 

Combined controls 

O0 
0 
0 
0 
0 

0 
-7.5 

-15 -0 
-7-5 

-15.0 

Instrumentat ion 

Pressures over the wing and tra'iling-edge controls of the left-wing 
panel were measured at  s ix  spanwise stations with the pressure orifices 
located as l i s t ed  i n  figure 2. 
t o  mnoaeter boards. A t  the innermost station the orifices were installed 
on the fuselage shel l  about 1/16 inch from the wing surface a t  the wing-  
fuselage juncture. These orifices are l i s t ed  but the pressures obtained 
were not used i n  the analysis of the combined control data for  t h i s  inves- 
tigation since they are closely associated with the pressures over the 
ent i re  wing chord only f o r  a 

These orifices were connected directly 

6 = 0' deflection of combined controls. 

Nodel angles of attack were measured by means of a calibrated 
pendulm strain-gage angle-of-attack indicator mounted i n  the model nose. 
The resulting angles of attack are independent of sting and balance 
deflections due t o  load. 

Reduction of Data 

14. Pressures were recorded by photographing 100-tube mercury manometer 

The data were then proc- 
boards. A film reader converted the individual pressure tube deflections 
recorded on the film into punch card readings. 
essed on electronic computing nachines t o  obtain individual pressure 
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coefficients. 
were machine processed by the use of a rectangular step Integration. 
data cards were also fed into an automatic plotting device for the prep- 
aration of chordwise pressure-distribution plots which will be discussed 
later in this paper. 

Wing-section normal-force and pitching-moment coefficients 
The 

h 

-% 

Accuracy 
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Measurements and cce4Picients are accurate to within the following 
limits: e* 

c p . . . . . . . . . . . . . . . . . . . . . . * . . . . . * . .  k O . 0 1  

c,. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i-0.001 
C N .  - - - - - . - - - - .  * - - 20.01. 

cb . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20.05 
M . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 0 . 0 0 5  
u . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20.1 

The local wing section angles of attack have not been corrected for 
twisting characteristics due to aerodynamic loads. 
characteristics at several chordwise and spanwise stations were determined 
from static loadings. 
maximun twist at the O.gOb/2 station was about -0.5' for conditions of 
maximum load. 

However, the twisting 

The method used is described in reference 6. The 

The additional control deflections due to load was determined by a 
calibration using static loadings applied only to the controls. 
tions due to wing twist were not considered, inasmuch as they were 
believed to be small .  
found to be approximately -1.40°. For this paper the nominal deflection 
angles were used for all basic data but the corrected deflection values 
were used in the wing chordwise and spanwise center-of-pressure location 
analysis figures . 

Deflec- 

The maximum deflection for maximum loading was 

The results of the investigation are presented as follows: 

Figures 

Wing chordwise pressure distributions with controls 

Variation of wing chordwise pressure distributions with 
. . . . . . . . . . . . . . . . . . . . . .  deflected.. 3 to 10 

control deflection . . . . . . . . . . . . . . . . . . .  11to 14 
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Figures 

15 Boundary-layer flow patterns . . . . . . . . . . . . . . . .  
Wing spanwise loadings . . . . . . . . . . . . . . . . . .  16 t o  23 
Spanwise variation of section center of pressure 24, 25 
Wing chordwise center of pressure 26, 27 
Wing spanwise center of pressure . . . . . . . . . . . . . .  28, 29 

Wing bending moments 34, 35 

. . . . . .  . . . . . . . . . . . . .  
Wing normal-force coefficients . . . . . . . . . . . . . . .  30 t o  33 . . . . . . . . . . . . . . . . . . . .  

DISCUSSION 

Basic Chordwise Pressure Distributions 

In  figures 3 t o  10 are  presented the basic control deflection data, 
consisting of pressure coefficient distributions fo r  the upper and lower 
wing surfaces for  s ix  spanwise stations. In  interpreting these data it 
should be noted that the ra t ios  of the control-surface chord lengths t o  
the wing-chord lengths vary along the semispan. 
the control surface comprises about 12 percent of the wing chord while 
a t  O.9Ob/2 it comprises about 65 percent of the wing chord. The sudden 
breaks in  the curves, denoting where the control surface begins, may be 
seen t o  vary i n  percentage of the chord a t  each spanwise stat ion.  A 
complete discussion on the pressure distribution and flow characterist ics 
of the basic w i n g  (with controls undeflected) i s  given i n  reference 5. 
Reference 3 indicates tha t  carryover loads from the elevator deflection 
on the right wing may be expected. 
over i s  not evaluated i n  t h i s  paper, the f ac t  of carryover should be 
considered i n  studying these figures. 

For instance a t  O.l9b/2 

Although the magnitude of the carry- 

Effect of Control Deflection On Wing Chordwise 

Pressure Distribution 

In figures 11 t o  14 are presented pressure coefficient distribution 
comparisons between the basic wing, with controls undef lected (from 
re f .  !j), and the wing with various aileron and combined control deflec- 
tions. The differences between the dashed and sol id  l ines  of figures 11 
t o  14 represent the effect  of control surface deflection upon wing chord- 
w i s e  pressure distributions and may be termed additional - pressures. 

The effect  of a positive aileron deflection of 15' upon the wing 
pressure pattern i s  shown i n  figure 11. The additional pressure pro- 
duced on the lower surface of the wing and aileron was positive in sign 
and usually approximated a tr iangle i n  shape with the apex at  the aileron 
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leading edge and with rapid tapering down from the apex i n  both upstream 
and downstream directions. (See f ig .  11( a).  ) 

chord length forward of the aileron. 
not greatly affected by angle of attack or  Mach number from M = 0.80 

The l i m i t  of the influence 
A of aileron deflection upon the wing undersurface was about one aileron 

t o  1.05. 

This positive pressure pattern was 

L 
5 
0 
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W 
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The additional-pressure pattern on the upper surface of the wing 
produced by a positive aileron deflection of l 5 O  was more complicated 
i n  shape, the pattern being greatly affected by Mach number and angle of 
attack. A t  a Mach nunher of 0.80 the pressure pattern had definite sub- 
sonic characteristics whereas a t  M = 0.94 and 1.05 it had supersonic 
characteristics. A t  M = 0.80 the additional pressure, although nega- 
t ive  in  sign, showed peak pressures a t  the aileron leading edge (as on 
the undersurface) and influenced the wing presswe f i e l d  also about one 
aileron chord length forward of the aileron leadiag edge. A t  M = 0.94 
and higher, however, the influence did not extend &>,stream but was con- 
fined mainly t o  the aileron i t s e l f .  a, = O.3O .) 
The pattern on the aileron also tended t o  the rectangular shape which 
i s  typical of supersonic flow. In  general, the influence 
of control deflection on the additional pressure patterns decreased with 
increase in  angle of attack. "his decrease in  influence i s  associated 
with s ta l l  on the aileron and the part of the wing covered by the aileron. 
A t  an angle of attack of 8' stal l  was usually evident a t  one of the two 
aileron stations (y  = 0.74b/2 or O.9Ob/2) and at an angle of attack 
of 12' at both stations. 

(See f ig .  ll(b7, for 

(See ref. 7. ) 

The fact  that  the undersurface seemed unaffected by Mach number and 
the upper surface w a s  definitely affected may be explained by circulation 
due t o  l i f t .  On the upper surface the circulation added t o  the general 
flow and produced local supersonic f l o w  a t  free-stream Mach numbers as  
low as  0.94, whereas on the undersurface of the wing the circulation 
opposed the general flow and produced local subsonic type flow even t o  
Mach numbers as high as 1.05. 

The remarks concerning the positive aileron deflection of 15' apply 
in  general t o  the combined control deflection of figure 13 except that the 
spanwise influence of the combined controls extend undiminished inboard 
t o  the body. The deflection of the elevator in  addition t o  the aileron 
on the left-wing panel appears t o  strengthen the additional pressure 
f i e ld  of the aileron and t o  extend i t s  influence slightly farther forward 
upon the wing pressure pattern. It should be noted here that the combined 
control on the opposite ( r ight )  wing panel was deflected -l'jO, whereas 
for  the aileron the opposite aileron was not deflected. Therefore some 
influence from carryover associated with t h i s  -15' deflection on the 
right-wing panel m y  be expected in  the pressure data of the combined 
controls on the left-wing panel i n  the manner indicated i n  reference 3 .  
Figures 13 and 14 indicate tha t  the influence of combined control deflec- 
t i o n  on the wing pressure distribution i s  mainly limited t o  the vicinity 
of the controls. 
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The effect  of negative aileron deflection of 19' on the wing pres- 
sure pattern i s  shown i n  figure 12. 
influence of the aileron on the pressure f i e l d  of the wing i s  about the 
same as that fo r  positive l5O aileron deflection. 
pronounced characterist ics of these pressure patterns were the peak neg- 
at ive pressures on the undersurface of the wing at the aileron leading 
edge. A t  a Mach number of 0.80 these had the sharp peaks characterist ic 
of subsonic flow, but at  a Mach number of 0.94 the peaks had broadened 
out noticeably and at  a Mach number of 1.09 the peak pressure had extended 
back almost undiminished t o  the t r a i l i n g  edge which resembled the expan- 
sion phenomena of supersonic flow. 
0.94 and above, these peak negative pressures as a rule do not carry over 
onto the wing ei ther  i n  a chordwise or spanwise direction, but are con- 
fined mainly t o  the aileron i t s e l f .  A s  was the case for  positive aileron 
deflection, angle-of-attack variation had l i t t l e  effect  on the wing 
undersurface pressure pattern but a pronounced effect  on tha t  of the 
upper surface. In general, the onset of the s tal l  on the upper surface 
occurred at lower angles of attack than for  positive deflection. 
influence of aileron deflection on the upper-surface pressure pattern at  
angles of attack above the stall  angle was s m a l l .  

The forward and lateral extent of 
> 

Perhaps the most 

( See ref .  7. ) A t  a Mach number of 

The 

A visual indication of the effects  of negative 15' aileron deflection 
on the f l o w  pattern on the upper surface of the wing is provided from 
boundary-layer studies by means of ink-flow and tuf?t photographs of f ig-  

parable ink-flow photographs f o r  undeflected controls are shown i n  
reference 5 .  

ure 15. It may be noted that both ailerons are deflected a t  -l?O. Com- ... 

d 

A comparison of figure l'j with the photographs of reference 5 indi- 
cates that negative aileron deflection makes the pressures more positive 
i n  the region of the aileron. 
spanwise flow near the aileron noted i n  reference 5 has been eliminated 
by negative control deflection. This is believed t o  be associated with 
the more positive pressure f i e l d  connected with negative control deflec- 
tion. Pressure distributions and ink flow both show the vortex existing 
near the leading edge, and tufts indicate the spanwise extent of the 
vortex. 
influence the position or appearance of the vortex. 

The ink-flow pattern indicates that the 

Although aileron deflection did affect  spanwise flow, it did not 

The negative l5O deflection of the elevator i n  addition t o  the 
aileron as shown i n  figure 14 reinforces the additional pressures pro- 
duced by the aileron and extends the pressure pattern undiminished 
inboard t o  the body. 
opposite wing panel was -Yjo. 
would be expected t o  reinforce the additional pressure f i e l d  i n  t h i s  
case. This should be considered when these data are  compared with those 
of figure 13, where the carryover would be expected t o  oppose and diminzsh 
the additional pressure f ie ld .  

The deflection of the combined control on the 
The carryover from the opposite control 

% 
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Effect of Control Deflection on Wing Spanwise 

.\ Loading Characteristics 

In figures 16 t o  23 the spanwise loadings for  undeflected controls 
are compared directly with those for  deflected controls. Figure l7(a) 
indicates that the main effect of the aileron deflection w a s  on the 
loading of that  part of the span covered by the aileron although there 
was some carryover t o  the remainder of the wing.  A comparison of f ig-  
ure l7(a) with figure l7( c )  shows the effect  of wach number on the lateral 
carryover, namely, that  the magnitude of the car*over pressures decreased 
with increase i n  Mach number through the transonickrange. It may be 
observed that  for  positive aileron deflection (f ig .  for  instance) an 
increase i n  the angle of attack produced a marked dedease in  the addi- 
t ional  loading caused by deflection of the aileron, w6&,reas for  negative 
aileron deflection ( f ig .  19 for  instance) an increase i n  the angle of 
attack had much smaller effect  on the additional pressure patterns. 
difference between positive and negative deflection could not be caused 
by carryover from the opposite w i n g  because in  both cases the opposite 
aileron w a s  not deflected. It would therefore appear that  w i n g  normal 
force was more greatly influenced by negative aileron deflection than by 
positive aileron deflection. 

This 

When figures 21 are compared with figures 23 it i s  apparent that 
negative combined control deflection was more effective than positive 
deflection i n  influencing wing normal force. However, i n  both cases the 
combined control on the opposite wing panel w a s  deflected -Yjo which 
would tend t o  enhance t h i s  effect since it might be expected that carry- 
over from the opposite panel would decrease the additional normal-force 
pattern f o r  l 5 O  deflection and increase it f o r  - l 5 O  deflection. 

Effect of Control Deflection on Center of 

Pressure Characteristics 

Section chordwise center of pressure.- Variation of the section 
chordwise center-of-pressure location with control deflection at the 
typical transonic Mach number of 0.94 is shown in figures 24 and 25. 
Figure 24 indicates the localized nature of the influence of the aileron 
alone upon the section centers of pressure along the semispan. Both 
figures clearly emphasize the decrease i n  center-of-pressure movement 
with increase in angle of attack. This, of course, does not necessarily 
mean that the controls are less  effective i n  producing changes in  pitching 
moment a t  the higher angles of attack (see ref. 4) but only less  in  pro- 
port ion to the normal force. 
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Wing chordwise center of pre.ssure.- In figures 26 and 27 is pre- 
sented the effect  of control deflections on the w i n g  chordwise center- n, 

of-pressure location. For both aileron and combined control, increasing 
the angle of attack produced forward movement of the center of pressure 
for  positive control deflection and rearward movement f o r  negative deflec- 
tion. Increase i n  Mach number i n  the range of the investigation moved 
the center of pressure s l ight ly rearward, i n  general. This effect  w a s  
more pronounced for  combined controls than for the aileron alone. The 
magnitude of the center-of -pressure movement decreased with increase i n  
angle of attack. For instance, a t  an angle of attack of 4' and a Mach 
number of 0.94, aileron-deflection variation from 15' t o  -15' moved the 
chordwise center of pressure from 61 t o  23 percent of the mean aerodynamic 
chord but at  an angle of attack of 20' from 34 t o  49 percent of the mean 
aerodynamic chord. 

L 
5 
0 
6 

Deflecting the controls positively f r o m  the neutral or zero position 
moved the center of pressure rearward in  every case and deflecting them 
negatively caused the center of pressure t o  move forward, the extent of 
movement being much greater for  combined controls than for the aileron 
alone. For combined controls negative deflection often moved the center 
of pressure off the leading edge at  the low angles of attack. 

Wing l a t e r a l  center of pressure.- The relat ion between spanwise 

With controls undeflected the center of pressure varied between 
center-of-pressure location and control deflection i s  shown i n  figures 28 
and 29. 
45 and 55 percent of the semispan being mainly affected by variation i n  
angle of attack and only s l ight ly by Mach nuniber. 4 

The location of the spanwise center of pressure i n  generax was more 
greatly affected by aileron ( f ig .  28) than by combined control deflec- 
t ion  ( f ig .  29), the trend i n  both cases being that an increase i n  deflec- 
t ion  in the positive direction caused the center t o  move outboard. The 
mximum center-of-pressure movement fo r  the aileron alone occurred between 
positive l 5 O  and negative 15O deflection at a Mach number of 0.80 which 
caused a 25-percent s h i f t  from 0.60 t o  0.35 percent of the semispan. 

For a l l  positive deflection angles of the aileron and for  low neg- 
at ive deflection angles, an increase in the angle of attack moved the 
spanwise center of pressure inboard, but at  the negative deflection 
angles, from about 6 O  and upward, moved the center of pressure outboard. 
The mgnitude of the center-of-pressure movement decreased with an 
increase i n  angle of attack. 
and a Mach number of 0.94 aileron-deflection variation from Yjo t o  -l5O 

span but a t  an angle of attack of 20°, from 49 t o  46 percent of the 
serzispan. Increase i n  Mach number through the range of the investigation 
decreased the magnitude of the center-of-pressure travel. These remarks 
also a?ply for  the case of the combined controls except that the change 

For instance at an angle of attack of bo 

noved the spanwise center of pressure from 60 t o  42 percent of the' semi- %, 
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from inboard t o  outboard movement of the center of pressure occurs, i n  
general, a t  higher negative deflection angles. 

The sudden movements of the center of pressure from positive t o  
+a 

negative inf ini ty  i n  figure 29 for an angle of attack of bo was caused 
by the w i n g  normal force passing through zero under the influence of the 
negative deflection of the combined controls. 

Effect of Control Deflection on Wing Normal-Force and 
L 
5 
3 
6 

d 

Bending-Moment Characteristics 
%a. 

Wing normal force.- It is  assumed fpr the purposes of th i s  discus- 
sion that aileron effectiveness i s  determined by i t s  abi l i ty  t o  produce 

* changes i n  normal force, positive deflection increasing and negative 
deflection decreasing normal force. 
i s  effective over the whole range of the investigation except at  a Mach 
number of 0.94, an angle of attack of 12O, and a positive deflection 
of l5', as shown i n  figure 30(a). 
of the aileron at  t h i s  point, figure l7(b) (a = 12.3') indicates that the 
root of the trouble l i e s  at  station 0.74b/2 on the aileron, i n  that 
aileron deflection did not produce the usual increase i n  normal force at 
t h i s  station. 
f o r  a = l2.3O 
produced the usual increase in  normal force on the lower surface but a 
decrease on the upper surface. The decrease i n  normal force on the upper 
surface opposed the increase on the lower surface and caused the aileron 
t o  lose most of i ts  effectiveness a t  t h i s  point. No explanation for  t h i s  
phenomena w i l l  be a t t e q t e d  i n  t h i s  paper; however, it may be significant 
tha t  previous investigations of similar model configurations have indi- 
cated mixed flows a t  a Mach number of 0.94, and f l ight  t e s t s  also indi- 
cate that  t h i s  is  a troublesome f l ight  region. 

Figure 30 indicates that the aileron 

A s  for  the cause of the ineffectiveness 

An examination of pressure distributions in  figure l l ( b )  
and station 0.74b/2 indicates that aileron deflection 

The aileron i s  sl ightly more consistent as w e l l  as effective for  
negative deflection than for  positive deflection as indicated by a com- 
parison of figures 3 O ( a )  and 3O(b). Also a comparison of figures 32(a) 
and 32(b) shows tha t  for  combined controls negative deflection is  con- 
siderably more effective than positive deflection. A s  indicated previ- 
ously, however, some of t h i s  may be caused by carryover from the opposite 
wing panel. 

Wing bending nioment.- The effect  of control deflection on wing 
bending noment may be seen in  figures 34 and 35. 
trol deflection on bending moment shows no consistent or  significant 
variation with Nach number; however, a sl ight decrease may be noted with 
an increase i n  angle of attack. Bending moment, as normal force, appears 
t o  be influenced by negative control deflection t o  a greater degree than 
by positive def lection. 

"he influence of con- 
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- 
CONCLUSIONS 

i 

The resul ts  of an investigation of wing loading produced by control 
deflection on a 60' del ta  wing-body combination at transonic speeds indi- 
cate the following conclusions: 

1. The aileron maintained positive control over the whole range of 
the investigation except near an angle of attack of l2O, a Mach number 
of 0.94, and a control deflection of 15O. 

2. In a l l  cases negative control deflection was more effective than 
positive control deflection. This effect  i s  more pronounced for  com- 
bined controls than for  aileron alone. 

3 .  A positive control deflection of 15' maintained local supersonic- 
type flow over the upper control surface t o  Mach numbers as low as 0.94 
and subsonic-type f l o w  on the undersurface up t o  1.05. 

'4 .  A t  an angle of attack of 4' and a Mach number of 0.94, aileron- 
deflection variation from 15O t o  -15' moved the chordwise center of 
pressure from 61 percent t o  23 percent of the mean aerodynamic chord 
and a t  an angle of attack of 20°, from 54 percent t o  49 percent of the 
mean aerodynamic chord. 

5 .  A t  an angle of attack of 4' and a Mach number of 0.94, aileron- 
deflection variation from 15' t o  -15O moved the spanwise center of 
pressure from 60 percent t o  42 percent of the semispan and at  an angle 
of attack of 20°, from 49 percent t o  46 percent of the semispan. 

r 

hngley Research Center, 
National Aeronautics and Space Administration, 

Langley Field, Va. ,  July 17, 1959. 
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(a) M = 0.80. L -39 - 5000 

Figure 15. - Boundary-layer flow patterns on a 60° delta wing with both 
ailerons deflected -13'. 
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Figure 13.- Continued. 
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(a) M = 0.80; Sa = 0' and Sa = 13'. 

Figure 17.- Variation of section normal-load parameter with wing 
semispan. 
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Figure 17.- Continued. 
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(b) M = 0.94; 6, = 0' and 6, = 19'. 

Figure 17.- Continued. 
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Figure 17.- Continued. 
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Figure 17.- Concluded. 
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Figure 18.- Variation of section normal-load parameter with wing 
semi span. 
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(a) bi = 0.80; 6 ,  = 0' and 6 ,  = 15'. 

Figure 21.- Variation of section normal-load parameter with wing 
semispan. 
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Figure 21.- Continued. 
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Figure 22.- Concluded. 



C c -  " E  

Y 
b/2 

. (a) M = 0.80; 6, = 0' and 6, = -13O. 

- 
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( c )  M = 1.05; 6, = 0' and 6, = -15O. 

Figure 23. - Concluded. 
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Figure 30.- Variation of wing normal-force coefficient with angle of 
attack with aileron deflected. 
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Figure 31.- Effect of aileron deflection on wing normal-force- 
coefficient variation with angle of attack. M = 0.94. 
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Figure 33 .-  Effect of combined control deflection on wing normal-force- 
coefficient variation with angle of attack. M = 0.94. 
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